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Abstract

The changes of approximate composition, antioxidant activity and melatonin content in rapeseed were monitored
during 10 days germination to choose the optimum sprouts with beneficial functionalities. The moisture content
of seeds increased from 3.23% to 17.50% during 10 days germination period, while ash content was similar
(4.03~4.91%). The fat content was reduced from 38.18% to 22.65%, however, protein content increased from 21.43%
to 26.72%. The carbohydrate content increased from 32.71% to 35.84% at 8th day. The reducing sugar and fiber
contents reached 10.47% and 15.12% at 6th day from 4.04% and 12.82%, respectively. Eighth day sprouts contained
highest level of polyphenol (gallic acid equivalent, 19.2 g/kg). Germination increased antioxidant activities (trolox
equivalent, mmol/kg) of seeds with slight difference depending on assay. That is, antioxidant activity was highest
at 6th day in DPPH radical scavenging (55.9), 10th day both in ABTS radical scavenging (71.6) and Fe(Ill) reducing
(125.3), and 4th day in peroxy radical scavenging (116.7) assay. Melatonin content of seeds (0.85 pg/kg) also
increased and reached up to 14.93 pg/kg at 6th day. In conclusion, germination more than 4 days raised antioxidant
activity of seeds highly, and 6th day sprouts had additional benefit in terms of melatonin, reducing sugar and

crude fiber contents.
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Al o] FofA| a1 Qlek. EdF F8 7] e datstes 4
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Aol AT FAFAG BokgI1E (F)obilo} FR
(Seoul, Korea)°l|A] 7-913}31 T} Folin-Ciocalteu’s phenol A|
oF gallic acid, 1,1-diphenyl-2-picrylhydrazyl(DPPH"), 2,2’-
azinobis(3-ethylbenzo thiazoline-6-sulfonic acid(ABTS), ferric
2,4,6-tripyridyl-s-triazine(TPTZ), ferrous sulfate heptahydrate
(FeSO4:7H,0), ferric chloride hexahydrate(FeCls-6H,0),

A23d A62 (2016)

2,2’-azobis(2-amidino propane) dihydrochloride(AAPH), 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox)
£ Sigma-Aldrich A}St. Louis, MO, USA)9] A|&<5
fluoresceine Thermo Fisher Scientific AH(Waltham, MA,
USA) AlE= AHEatsith deteEd 45 9]¢ ELISA
7] EE= IBL International AF(Hamburg, Germany)2] A|Z©]
glow 1 9 AekEe ¥4 FFES FYst] AHgald
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Xt ghot W AIZEY =A|

FAEALE] HolS 918 WA 100 ppm 2fobd 24 HE
FMNaOCl) & o]l FAFE 3023t HAA I AEA7] TS,
TERER AF F 2] "iged 6213 AAA A ©]
T TAE Tolgrlol gEste] EE wid ZolFRiA
2410.1TC 59| raelA] 109 &<t WolrZiTh 24 1H4
o8 Ag AFtar 307 g Aol & A5t AS5A
=5 gelsilon, Faket 7k wopa| 7 A2 s %
(FDU-2200, Eyela, Tokyo, Japan)3t 5 32 Aof A E-4
sto] EE-S ZA ST

g E

27} 9 ool 4B zAHl zohilA 235 el
8] #42 AOAC EEEA Y| F39te] Kime] ¥4
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T 105T gu7id ey, ZATE Soxhler 21, 2

W22 Kjeldahl ¥, 23|52 550CA 2% 33417 =
FHo R Al o gk % z‘%}"ﬂ’ﬂ olE A&
= AT ger sl aa

ZA = W3 Henneberg-Stohmann
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4 QE g ot

7] flote] EEA gl WS
7}@7]—(1:10, W/V),} T 2A]1ZF B9t vortexing3t T 4T,
10,000xg 21 A] 10:27F 41 E2](5810R, Eppendorf,
Hamburg, Germany)O]'M—“ﬂ ol i dojX s AE
gdlow ALgslgl o F # =S Kimel R (29)°l
upet FA8IelTE ol & #Asl A58 50 Lol ST 1.95
mLE A 7}3F & 2 N Folin - Clocalteu s phenol A|<F 200

£ 7tete] F2elA 3EE vhEAIZ T o] 7] Nay,COs
Eohgol 400 UL} 7 14 mLE SAUR F718 v
e gaol A 1413 EEAIZL F 765 nmell A 9] F3 =
(Optizen Pop, Mecasys Co., Ltd., Daejeon, Korea)& =7 3}
Aot Z H=dEe allic acids TTEZRZ slo] AR
FETAE o] 8-3ke] gallic acid &% (equivalent)(g/kg) 2=
YERAA T
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EA5l6T WA 7 mMe ABTS £9¢f| potassium
persulfate s 245 mM FE2 Q1 & 29 tiolA
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3|4A1A ABTS &tz 498 A3tk 1 the vEhs
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g2 AL8-E1l on] ABTS gtz AA%S A8 55
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Fe(Ill) ©] << Fe(ll) o] &2 & A7) E 58 (ferric
reducing antioxidant power, FRAP)S =7 3= FRAPH -2
Kime| ®H29)0l T3kl AAISHATE o] & ¢l WA 300
mM oM EAN] 942al(pH 3.6), 10 mM TPTZ €410 mM
AQrrgolo] o]y & 20 mM FeCls §82 10:1:1(v/v) H] &
2 410] FRAP 9% ZAISHAtE 11 ths WehE2 54
AlA FH G A =289 50 Lol 37CE ml2] 7H-g FRAP
g8 950 L= E33tar 308 F GaolA] HESAI &
593 nmel A9 = St o g2+ A58 o
2l Ee] vehsS AHEStA T AkskE2 593 nmol| A
FREE 0.1 7M1= EEECaon) 8 9] 3HIL trolox
9] ECaoi ™ ¥l 3 trolox B & JeERJATEH

HEA 202 &S

3 ZA] ZZHRO0-) 4752 Huang 5(30)2] oxygen
radical absorbance capacity(ORAC)H-S L4 BIZPA|AH &
A5t WA EEA| 5 75% ol S 1:50 (wiv) H&
2 H7lsto] 2417F5<) vortexingdl il 4°C, 10,000xg 710l

A 1027 9 Feele] FEAE Ak 1 The o] B
A-Z Z-FFZ(CentriVap Concentrator, Labconco Co.,
Kansas, MI, USAAIA 42 w58 FF 75 mM
phosphate buffer(pH 7.4)5 718l ALNA| A Al 2E&
o2 stglom, YmA] Al9FEE 75 mM phosphate bufferc]
o] ALgalsT W EA BTl A% BAE 99 AR
2N 25 yL¢} 80 nM sodium fluorescein €< 125 L=
96-well microplate®l] 211 3% &< shakingd+ F 37 Col|A]
3043E WEEAIZT o7l ARER K A Zxg 75 mM
AAPH £ 50 lLE 7}k v 37CollA 4023t 9%
(excitation 485 nm, emission 528 nm)<] ¥ 3}E microplate
reader(Biotek® Instruments Inc., Colmar Cedex, France)E&
AREE 13 vt SsISith o Ad) dojR= YA
o] olg] WA (area under the curve, AUC)S AUC=
0.5+ £/ f+... £ +...+ 6o/ 6+0.5(£of ) 21 ©]-8-3f AlAkasl e
), 4714 50 &, =i Tl 33 3S vepdch
27 AlE89 4l B2 75 mM phosphate bufferE
AgalT ARe] WA B A AR W4T
°] AUC @ellAl diz72 AUC & Algh W4 (net
AUC=AUCqumpie-AUCeonro)) = T-8+ 5 trolox ZHF-H Aojxl
IS o] 83te] tolox FHOZ YERATLL

daled Bk

ZF dE g B4 A AL vEe =525 06 mLE I
EEAN THS 7 0.6 mLE 91 3027} votexingdho]
LA A A5 LN o2 ALt o, WatEd Sk
212 ELISA kit®] ®H(19)0l] Fate] AAlsHit &, A&
A7 A28 05 mLe}t B SHRTE nle] 245
71 Sep-Pak CigZoll YL 120xgol|A] 527+ YAl H-2] sl
AHEUS Ao FAA|Z o] F 10% MEHE 1 mLE
F718te] 500xgell A 1:23F A st Wal &
AAAZ 323]), 1 mL g2 A eds 353
t} o] FEES A IFEFAZ Fol| 7T 015 mLE
A7Vete] g-aiA17] thE, 50 ILES goat-anti-rabbit antibody
2 A8 microtiter plate®] wellol] &7}t t) of 7)o &
gEW-Hlo] 08l g Bl HA GNZ FANRE 50 ul
2718 3 4T 15413 WHA17) B2 0.25 mL2] wash
buffer® 33] AA3stdch 1t 0.15 mLe] anti-biotin-
alkaline phosphatase &5 3 7}stal 22l A 2417F §E-g-
A1Z1 % 025 mL wash buffer® 33] 423} c} npx| o2
0.2 mLe] pnitrophenyl phosphate 8242 % 7}3lo] 500 rpm
9] orbital shakerol| A 20%-7F WH3-A]71 & 1 N NaOH &
50 tLE 37bste] WES-S FAAIZTE ©]F microplate
readerS ©]-23l 605 nm= 7|34 2 3F] 405 nmel| A
o] FREE S T AT WHPEUS o] &g FFFA L

2RE AR Wewd gae HEaer.
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PR D Fusks AL 33, WekEd B4 43
At on I Az P+ RFEAAE JehHATh 4
IBM SPSS Statistics(18, IBM Corp., Armonk, NY,
USA)E ©]£3}°] one way ANOVAH O &2 FAHEA S 3}
.0, pe0.05 SEelAle] AR 2 Fel S W]

913l Duncan®] HaAHE FRsHATh

21 o n#
et B of W3}
10¢ 2] ozt Ao Holrl Ao AMAo=z F7)s
10€ ] H 828 cmol] =35} 1 84 o] Wol&-& 81.3%

o gl Fxe] A 3HQI wole} o] APHo] o] FAH S-S
& 4 AUSATHTable 1). YW 2] 7 -$(Table 1), Akl A
323%°10Q TS ol mep WA} Frlete] 109
o 17.50%°l =23ttt wol A] FiE8Fe] S E7
TAH29)9] ol A &} frAbsEA = FokE = AlEe]
7F 7t 71018 Aom IR Uth3l). 23T F
Wol71 7t F2t 4.03~491% 2 2 W37} gl 229
3ol 2 AFELS o8 d&e e AS nEsh,
wolel] Thed] FUS ERHS AFSISL7 O] o s AT
Aok15). FAe] ZAIUEFEB8.18%)= ol 2Y]
43.85% = o F7FRE o] % 8ol 20.88%7HA] a3l
o] % {24 ztol= glAth ol e &2 Thompson?t
Serraino(15)2] A3} L X]81% 21 Zhang 5(32)%= ol
295 Aol 7HAE Hagh vl Qi) ol whE ARt
Ae UREEQ Ao, FAte] SR He] Tl E T
AN FEA AL B4 S 53] acetateZ EElE &
glyoxylate cycles AA Fo.2 A3 AL o =] AJito
AHEEZ] W o2 S A ATh33). T eerstE gt
(32.71%)2 o} 2U ol 2295% % 7443t o] & A=} F713
of 8ol 35.84% 7} ¥o] ZATHE Wstel i F=
Bl o] ol whE A el of Aof] B agh g
3HE Aol WA Ay Al S 93 R

A23d A62 (2016)

H )35, 36) TAe] Tl A EEE(21.43%) 2
St 8URE Flste] 1049
26.72%° = O]-‘}?\%Eﬂ Thompson} Serraino(15)%= #-A}
gt 7ok Bk ) Qick ol A] chilA g FUh= Al
& A A Eo] A RE BA7F @A H 7] HiE35)
At dolgt Tgol| o) grshEo] &4E o Ux2F
Fol A7l MEGNeE F4 At SIS ol
ot S7kete] 6dell gkl 1047%< Dt =t ol

o o

Bt BElEe] 7l el (34,36)9) glyoxylate 325 B
AR o 2 RE o] FA(33)el 7191e Aoz A
253 2U TopH9.91%)o1A F2H(12.82%)E.Th
viokou} 4ol 1644% = A S48 6ol AR 3k
S HYA o] & o §iGlTh of& dolxrlel drst
=o| dquAldor F2 AR Afa Tl AT
o] Tojl= Ro] A ulel 24 FAo B A xd
ARl Bl TRl WEeR #TEHM(29),

Ziclifski $(12)% ool whe} etz WAl 2o]4lf
2718 uag o g,

Z Hzéate| et
HEsgte el TS 7
AR Fadatgol & 53 3t 5}%01 ﬂtﬂ(SS) 4 ‘”°ﬂ
A ARSHA 2Ed 2d tigetes 22 diabE F SR
def A UTh39). 53] Wolst ek 4kshA Al o)
S7He @I Alx] Ak S R S et
4041 FHE3RHES SN 2AE Bl A4S Bt
3 33AQ1 otel] =55 Frha delA AUTh4042). ¥
XM HET (T4 gkg)S Tol 24 FH FolHoz F
7heto] BE Aol|x] FAETE =33 8Uodl= Haakdl
168 gikgoll =23t tHFig. 1). Bl Al dHlsge] SV
At #HmsheEe] AR o] FAk EAlstaL -
A28 e el FAte|l= 9] HEEgtEo] 7R

Table 1. Changes in length and approximate composition of rapeseed during germination

Gemination period Length

Approximate composition (%)

(day) (cm) Moisture Crude ash Crude fat Crude protein ~ Carbohydrate ~ Reducing sugar ~ Crude fiber
0 020:005"  323:0.16" 4.44+028° 38.18+0.62° 21432027 271 4,04+0.38" 12.82+0.36"
2 1.88+0.92° 788025 4.030.30" 43.85+1.34° 21.28+047° 2295 3.62+1.03" 991£1.11°
4 3444104 10.36:0.60° 4310.19" 39.23+0,72° 21282051 2482 9.39+0.73% 16.4421,02°
6 637+1.09°  11.93+0.63° 4.89+0.29° 26.26+3.74° 213040.13" 35.62 1047051° 15.124023
8 756+1.64° 16084045 491+0.84° 20.88+0.83" 2228+046" 35.84 8.42+0.00° 14.60+1.05°
10 8.28+1.70' 17.50+1.48" 45740170 265191 26.7240.30° 2855 9.38+0.84™ 14.52+0.11°

MeanstSD with different letters in the column are significantly different at p<0.05 (n=30 in length, n=3 in approximate composition).
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Fig. 1. Change in total phenol content of rapeseed during
germination.
Means with different letters above bars are significantly different at p<0.05 (n=3).

= Ay ehd 22 1 EA; FEje] Eejd|Eo] 7Tl
AA 8] HEmsgtEe] S 232 A AXITH43,44).
AAZ FA)F Aol = sinapic acid®] choline ester =] <1
sinapine®| % #H=3}3HE2] 86~91%, & =42 sinapoyl
glucose”} 10~12% 5 A 8h= ¥hH f-2] #H=4H1 sinapic
acide 1.0~1.6% F0|th6,7). 1084 2] % ¥l isgo]
8ol Hlgl 7+2x(12.5 g/kg)3t A2 LrolZ7]f polyphenol
oxidase 3 &40 SAJ3IR =3 §Eol ’\}i}fﬂ]ﬂ o=
o2 FErthdés). 34, Folin-Ciocalteu ol 2]t Z )=
gk B gatslso] 728 Ao w 1 Axs} Ali/l
V,\l’ﬁ]-—— A E 2% AF8-E A7} Folin-Ciocalteu A] 2Fo] njf
ok AlglAo] ma, elulAel Akt A R 014 F %
G oAl 550l TR S Ao
6). o9l 71'ed o 2A el tstsS 447}0}7] SEl
E]'%lfr: ’% Bl Heket -‘éﬁ_ﬂ— A

0

atsks ot ol T wEgE S #A, e
3 T AlBedA e Fhlskeol A whet 2tol 7t Y
< &3t Prior (@472 FAitsks 4 Al g 71A] WY
o] ol thE 71&& 7 o8] BAHES 48351
H7re vt dvkal Stk olel itels Hado] del
2+0|= DPPHY], ABTSH, FRAPY 2 ORACH S o] &3l
Wols<t ikl WstE wAlstdl e 1 A3= Fig
zg_ 71—0 r/},

DPPHH -2 = A|7F Qg /do] =& DPPH ett] el A=}
T2 FAaYAE Agste] A= FitsiAle T,
< DPPH 2}t Z 2755 W7lshs Wi o2 meks )
2= F2 FAsA o ARG5S Brhske Ao
2 4EA dvide). EFHES 84 =A< trolox
Fer|Eo R 83 DPPH Uz 2A%9 A ¢ %—
(17.2 mmol/kg)®] ol 29 FH foFo=m Frtat

FL
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Fig. 2. Changes in antioxidant activity of rapeseed during
germination.
Means with different letters above bars within each assay are significantly different
at p<0.05 (n=3).
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o] 6¥°l 46.3 mmoljkgol]l =23 o] F tha Akl ot
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Z73} FFAKRE pH 74, 37C 88 ZH0A =] dAaksle}
HE HZA|(ROO) Bzl ek 27 %5S s
ORACH49)< ©] &4l itsles F71= Hrtstint o1
ZAZHFig. 2), TAFNA 65.1 mmolkge]AE HAts} o]
ofel whet F7kete] 4ol H gkl 116.7 mmolkgell =2
st o olF tha fHastiith ol gk Aol Fo] shte
ko] 37HA] W Eo| GatalEde] ARG TS Hrtst
A= 2] ORACH A& A9 S5 S Hrts)
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